Perturbation theory for a class of topological field theories containing antisymmetric tensor fields is considered. These models are characterized by a supersymmetric structure which allows to establish their perturbative finiteness.
Introduction
The antisymmetric tensor fields, or BF -models, were introduced many years ago in connection with string theories and nonlinear sigma models [1] .
More recently they have been the object of a renewed interest due to their topological nature [2] . Antisymmetric tensor fields can be used, for instance, to compute topological invariants [3] which generalize the threedimensional linking number [4] .
These models are also studied for their connection with lower dimensional quantum gravity; in particular, the Einstein-Hilbert gravity in three space-time dimensions, with or without cosmological constant, can be naturally formulated in terms of the BF -models [2, 5, 6] .
From a pure field theoretical point of view, the BF -models are known to require a highly non trivial quantization [7, 8, 9] due to the presence of zero modes, which implies several ghost generations for the gauge fixing procedure. Moreover, as shown for the three-dimensional case [10] , they are expected to be an example of finite theories.
The purpose of this work is to give a proof of the perturbative finiteness for the more complex four dimensional case, relying on the existence of a supersymmetric structure found by the authors [8] . This structure, whose topological origin is manifest when adopting a Landau gauge, is a common feature of a large class of topological models [10, 11] .
Although the choice of an axial-type gauge, which trivializes the ghost sector, appears to be more convenient than the covariant Landau gauge, the adoption of the latter turns out to be very useful to discuss the higher dimensional generalization of the model [12] . Indeed in dimensions higher than four, the BF -models naturally contain the generalized Chern-Simons terms [19] which, being not trivial even with a noncovariant gauge choice, are easily handled in the Landau gauge, thanks to the existence of the above mentioned supersymmetric structure.
The essence of the method is to encode all the constraints defining the model (BRS invariance, supersymmetry, ghost equations, . . .) into an ex-tended BRS operator by the introduction of new global ghosts. The quantized theory is then controlled by a generalized Slavnov identity which contains all the symmetries. This technique turns out to be very powerful when dealing with an algebraic structure described by several operators. In particular, the search of the anomalies for each single operator is reduced to a unique cohomology problem for the extended Slavnov operator.
The paper is organized as follows: sect.2 contains a brief review of the algebraic classical properties. In sect.3 we discuss the absence of local counterterms and, finally, in sect.4 we characterize the anomalies.
The classical model and the algebraic structure
This section is devoted to a brief summary of the classical properties of the model.
Following [8] , the model is characterized by a complete gauge-fixed classical action
where
is the topological four-dimensional BF -action [2, 3] which describes the interaction between a two-form field B a µν and a gauge field A a µ , and
3)
The action (2.2) has the symmetries : The corresponding gauge-fixing action, in a Landau-type gauge, reads [8] :
(2.6) where (c,c, b), (ξ,ξ, h) are the ghosts, the antighosts and the Lagrangian multipliers for the transformations (2.4) and (2.5), while the fields (φ,φ, ω) take into account a further degeneracy due to the well-known [7] existence of zero modes in the transformations (2.5).
All the fields belong to the adjoint representation of the gauge group G, assumed to be simple. The dimensions and the Faddeev-Popov charges of the fields are The gauge-fixed action (S inv + S gf ) turns out to be invariant under the two following sets of transformations [8] :
and
It is easy to verify that : 10) from which one sees that the BRS transformations (2.7) are nilpotent onshell.
Finally, the last term S ext in (2.1) describes the coupling of the external sources Ω, L, γ, D, ρ with the nonlinear transformations in (2.7) :
The dimensions and the Faddeev-Popov charges of these sources are : 
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The complete action Σ obeys to the following Slavnov identity : The corresponding linearized operator
14) turns out to be nilpotent, i.e. :
One has to remark that the nilpotency of B Σ is insured by the quadratic term in the external source γ aµν in (2.11). As it is well known [13] , the introduction of this term is necessary when the BRS transformations are nilpotent on-shell and, in practice, is the only way which allows to define an off-shell nilpotent linearized operator. The δ µ invariance of (S inv + S gf ) translates into a Ward identity for Σ [8] :
17) and
Notice that ∆ cl µ , being linear in the quantum fields, is a classical breaking.
The ghost equation, usually valid in the Landau gauge [14, 15] , in the present case reads :
where 20) and
Anticommuting the ghost equation (2.19) with the Slavnov identity (2.12), one finds a further constraint, again linearly broken :
The gauge-fixing conditions are :
As usual [16] , commuting (2.25) with the Slavnov identity (2.12), one gets the antighost equations :
To summarize, the classical action Σ (2.1) is characterized by :
ii) the vectorial supersymmetry
iii) the ghost and the F a -equations
iv) the gauge-fixing conditions (2.25) .
The operators in (2.27)-(2.30) form a nonlinear algebra whose relevant part takes the form :
where P µ is the translation operator
and γ is a generic functional with even Faddeev-Popov charge.
Notice that the subalgebra (2.31) formed by the Slavnov and by the operator W µ closes on the translations, which allows a supersymmetric interpretation of the model. This feature is shared by a large class of topological models as, for instance, the three-dimensional Chern-Simons theory [11] and the three-dimensional Einstein-Hilbert gravity [6] .
Finally, the rigid gauge invariance of the classical action is expressed by 
Absence of counterterms
This section is devoted to the algebraic characterization of the possible local counterterms which are compatible with the symmetries and the constraints (2.25)-(2.30) satisfied by the classical action Σ.
We look then at the most general integrated local polynomial in the fields Σ (c) with dimensions four and zero ghost number which satisfies the following stability conditions [10, 14, 15, 16] :
where B Σ is the linearized Slavnov operator defined in (2.14).
The conditions (3.1) and (3.2) imply that Σ (c) does not depend on the fields (b, h, ω, λ, e) and that the external sources (Ω, ρ, γ) and the antighosts c,φ,ξ appear only in the combinations Ω, ρ, γ :
From the ghost equation (3.3) it follows that Σ (c) depends only on the space-time derivatives of the ghost φ, so that Σ (c) can be parametrized as
where, according to the number of fields, Let us consider now the W µ -condition (3.5).
Since the operator W µ in (2.17) acts linearly on all the fields, condition (3.5) holds separately for each term of the decomposition (3.9). This property considerably simplifies the algebraic analysis concerning W µ .
The final result is that the W µ -invariance of Σ (c) forces all the coefficients in (3.10), (3.11), (3.12) to vanish, implying the absence of counterterms :
We can therefore conclude that conditions (2.25)-(2.30) completely identify the classical action, i.e. there is no possibility for any local deformation.
Anomalies
The purpose of this last section is to show the absence of anomalies for the operators entering the nonlinear algebra (2.31) and (2.32).
This result, combined with the previous one (3.13), concerning the absence of counterterms, completes the proof of the perturbative finiteness of the model.
In what follows we shall adopt the strategy of collecting all the symmetries of the gauge-fixed action (S inv + S gf ) into a unique operator by means of the introduction of new global ghosts [17] . As we shall see, this procedure turns out to be the most convenient one when dealing with a nonlinear algebra involving several operators.
The gauge-fixing conditions (2.25), the antighost equations (2.26) and the rigid gauge invariance (2.34) are known to be renormalizable and will be assumed to hold for the quantum vertex functional Γ Γ = Σ + O(h) : (4.1)
The D operator
To collect all the symmetries (2.7), (2.8), (2.19) and (2.22) of the gaugefixed action (S inv + S gf ) into a unique operator, let us define : It is easily seen that the operator Q describes a symmetry of the gaugefixed action :
and, as it happens for the BRS transformations (2.7),
i.e. Q is nilpotent on-shell.
Introducing the modified source term 
is nilpotent :
It is apparent now that the Slavnov identity in (4.11) describes the complete nonlinear algebra (2.31) and (2.32).
The dependence of the action I on the new ghosts (u a , v a , η µ , θ µ ) is controlled by the following equations :
which, being linear in the quantum fields, represent classical breakings.
Notice that ∆
where ∆ a is the classical breaking of the ghost equation (2.19).
The operators (4.12) and (4.15), (4.16) form the following nonlinear algebra :
where γ is a generic functional with even ΦΠ-charge.
It is important at this point to spend a few words on this construction, the motivation for the introduction of the operator D(γ) is that the search and 
which, taken at vanishing global ghosts, reduce exatcly to the identities (4.27), (4.28), while
Absence of anomalies
For what concerns the renormalization of the global ghost equations (4.15), (4.16) , it is easy to show that they can be implemented at the quantum level, i.e. : ∂Γ
Let us now discuss the renormalization of the Slavnov identity (4.11).
According to the Quantum Action Principle [18] , the least order breaking A of the Slavnov identity
is an integrated local functional with dimensions four and Faddeev-Popov charge +1, which, at the lowest nonvanishing order inh, satisfies the consistency condition
To study the cohomology of the nilpotent operator D I , we introduce the filtration
Thanks to the property (4.30), N decomposes the operator D I as :
with
and B Σ is the linearized Slavnov operator defined in (2.14). Due to the nilpotency of B Σ , it follows that
Since the cohomology of D I is isomorphic to a subspace of that of D (0) [20] , we proceed to the characterization of the cohomology of this latter operator, i.e. we study the equation
in the space of integrated local functionals with dimension four and FaddeevPopov charge +1.
Expression (4.37) shows that the global ghosts (u, v) and (η, θ) appear in BRS doublets and it is known [20] that the cohomology cannot depend on such couples.
The equation (4.39) is then equivalent to :
where ∆ is an integrated local functional independent from the pairs of global ghosts which, on the other hand, are not reintroduced by B Σ (2.14).
Writing ∆ in terms of differential forms : The identity (4.42) yields a sequence of descent equations [19] B Σ ∆ where d abc is the completely symmetric tensor of rank three and r an arbitrary coefficient.
This cocycle yields the usual nonabelian gauge anomaly [19] whose absence, in this case, is insured by the fact that all the fields belong to the adjoint representation of the gauge group G. It is well known indeed that the triangle anomaly generates a symmetric tensor d abc with a nonvanishing coefficient only if the model contains fields belonging to a complex representation of G. This means that the coefficient r in (4.50) vanishes.
We have then proven that the local cohomology of B Σ in the five-charged Faddeev-Popov sector is empty. This implies that the equation (4.47) reduces to a problem of a local cohomology instead of a modulo-d one, leading us to the study of the local cohomology of the B Σ -operator.
To do this, we introduce a further filtering operator [20] :
where N ϕ is the counting operator : Following [15, 20] , it is not difficult to show that the local cohomology of B (0) Σ depends only on the undifferentiated ghosts (c, φ).
Since c and φ are both dimensionless, it follows that the most general solution for the higher cocycle ∆ This concludes the proof of the absence of anomalies.
